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High pressure xenon proportional counter up to 10 atm 
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The characteristics of a conventional cylindrical geometry proportional counter filled with high pressure xenon gas up to 10 atm 
were investigated for use as a detector in hard X-ray astronomy. With a 2% methane gas mixture the energy resolutions at 10 atm 
were 9.8% and 7.3% for 22 and 60 keV X-rays, respectively. The corresponding resolutions at 1 atm were 7.7% and 5.1%. From 
calculations of the Townsend ionization coefficient it is shown that proportional counters at high pressure operate at weaker reduced 
electric field than low pressure counters. It is suggested that this is the fundamental reason for the degradation of resolution observed 
with increasing pressure. 

1. Introduction 

Xenon  filled propor t iona l  counters  are typically em- 
ployed for medium-energy ( <  100 keV) X-ray as t ron-  
omy, bu t  can be  extended far beyond  this poin t  th rough 
opera t ion at elevated fill gas pressures. If these pres- 
sures are sufficiently high, even a modest  dep th  of gas 
can result in a significant efficiency. For  instance,  at 10 
atm, 1 cm of gas will absorb  a round  10% of 100 keV 
photons.  

The principal  advantage  of the p ropor t iona l  counter  
is its superior energy resolut ion over the solid scintilla- 
t ion counter  which is usually employed as the conven-  
t ional  detector  in ha rd  X-ray as t ronomy.  Generally,  
however, the energy resolut ion of p ropor t iona l  counters  
at  high pressure is worse than  at low pressure, part icu-  
larly with xenon gas fillings where values of 10% F W H M  
at 10 a tm and  6% F W H M  at 1 a tm have been repor ted 
for 60 keV X-rays [1]. 

There  are many  factors which could affect the energy 
resolut ion at  high fill gas pressures. Foremos t  among  
these, for many  practical  systems, is con tamina t ion  of 
the fill gas a n d / o r  the counter  system. As will be  
discussed in more detail  later, the reduced electric fields 
in the drift  region away f rom the anode  wire are much  
weaker at h igh pressure than  at lower pressure, and  
hence the drift  velocity of the pr imary  electron cloud is 
lower at higher  pressure. This in turn  provides more 
oppor tun i ty  for a loss of pr imary  charge to electronega- 
tive impurities. The susceptibili ty of b o t h  xenon and  
argon based gas mixtures  to such effects has  been  
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systematical ly invest igated in ref. [2]. It was shown that  
xenon  based  gas mixtures  are much  more  susceptible to 
electronegative impuri t ies  than  argon based ones, and  
tha t  me thane  quenched  mixtures  are comparat ively  less 
sensitive than  with o ther  quench gases. However,  even 
wi th  me thane  quenching,  an  impur i ty  level of 10 p p m  in 
xenon  is serious for reduced fields of < 0.1 V / c m  Torr. 

In addi t ion,  there are o ther  fundamen ta l  differences 
between opera t ion  at h igh and  low pressures. Among  
these are the size of the p r imary  electron cloud, and  the 
s t rength  of the reduced field in the avalanche region. 
The  former  could make  the energy resolut ion at  high 
pressures s t rongly dependen t  on the uniformity  of the 
anode  wire. The  latter, th rough  its effect on  the Town- 
send ionizat ion coefficient,  modifies the energetics of 
the avalanche process and  this in turn can result in 
changes  in the statistical f luctuat ions which domina te  
the propor t iona l  counter  energy resolution [3]. 

In order  to invest igate  these problems,  we have con- 
s t ructed a convent iona l  cylindrical propor t iona l  counter  
and  measured  the gas gain and  the energy resolut ion at 
a range of pressures be tween 1 and  10 a tm for bo th  
pure  xenon  gas and  xenon + me thane  mixtures. 

2. Apparatus 

The detector  used for the invest igat ion was a conven-  
t ional  rec tangular  geometry  propor t iona l  counter  hav- 
ing a cross section of 1 cm x 1 cm and  a length of 4 cm 
along the anode  wire. The  counter  was made  of stainless 
steel and  the en t rance  window, which was a 250 ~tm 
thick a luminum sheet sealed with ind ium on one side, 
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formed one of the four cathodes.  The  anode  wire, of 
d iameter  25 Fm, was soldered into feedthroughs  welded 
in the counter  at  bo th  ends  and  posi t ioned in the 
geometric center  of the cathodes  to an  accuracy of 50 
Fm. The ceramic insula ted feedthroughs  were pot ted  
with silicon e las tomer  on  the outside of the counter  to 
prevent  discharge in air. 

The evacuat ion and  gas filling system, including an 
Oxysorb purifier, consists  of all stainless tubes and  
bellows valves which are rated up to 70 atm. The fill gas 
pressure was measured  to an  accuracy of 1 Tor r  using a 
capaci tance manometer .  Before filling, the counter  and  
the gas filling lines were baked at a t empera ture  of 
70 ° C  for three days. After  bakeout  the outgassing rate 
of the counter  was less than  10 -8  T o r r / s .  We  used 
fresh xenon and  methane  gases of research grade purity. 
There  was no  discernible difference in energy resolut ion 
with and  without  the purifier  at 1 a tm fill gas pressure, 
bu t  the purifier  was used for all measurements  at high 
pressure. 

The signal f rom the detector  was routed through a 
low noise, charge-sensit ive preamplifier ,  O r t e c / E G  & G 
model  142PC, to a ma in  amplifier,  Ortec 410. Tests with 
various shaping t ime cons tants  showed no not icable  
difference in energy resolut ion for gas mixtures having  
normal  drift  velocities. So, typically, shaping t ime con- 
s tants  of I ~ts d i f ferent ia t ion and  2 ~s in tegra t ion were 
used. 

The gas gain and  the energy resolut ion were mea- 
sured using col l imated l°gCd (22 keV) and  241Am (60 
keV) sources. The gas gain was derived by  measur ing 
the peak ampl i tude  of the preamplif ier  ou tpu t  pulse on  
a cal ibrated oscilloscope and  then employing a conver-  
sion factor, previously derived f rom a cal ibrated charge 
input ,  of 6.78 V / p C .  A mean  ionizat ion energy of 21 eV 
was used for bo th  pure xenon and  xenon + methane.  
The  overall error in this procedure,  factor ing in mea- 
surement  errors which are greatest  at the lowest gas 
gains, is es t imated to be  at m ax i m um  + 7%. 

3. Resu l t s  and  d i s c u s s i o n  

3.1. Contaminat ion  

A cal ibrat ion of the cleanliness of the counter  and  
the fill gas was carried out  by adding  oxygen as an  
impur i ty  to pure  xenon. The  energy resolut ions at 22 
keV for three pure xenon gases f rom different  bottles,  
and  pure  xenon gas with the addi t ion  of various levels 
of oxygen up to 33 ppm,  are shown as a funct ion of gas 
gain at 10 a tm in fig. 1. Also, the energy resolut ions at  
gas gains of 50 and  600 are shown, as a funct ion of the 
concent ra t ion  of oxygen in pure  xenon  at 10 atm, in fig. 
2. These figures show that :  1) the energy resolut ions of 
the pure xenon gases are a lmost  cons tan t  and  indepen-  
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Fig. 1. Measured energy resolution at 22 keV for pure xenon 
gases, and xenon with oxygen added as an impurity, as a 
function of gas gain at 10 atm. The hand-drawn smooth lines 
are only intended to guide the eye. The energy resolutions at 

gas gains less than 60 are with noise subtracted. 

dent  of gas gain at a round  10%; 2) even a modes t  
amoun t  of con t amina t i on  can seriously degrade the 
energy resolut ion at h igh pressure,  as in fig. 2 where 3 
p p m  of oxygen lowers the energy resolut ion to 13% at a 
gain 50; and  3) under  con t amina t i on  condi t ions  the 
energy resolut ion in general  degrades as the gas gain is 
reduced.  Fur ther ,  as shown in fig. 3, at  5 a tm the 
degrada t ion  of the energy resolut ion due to impuri t ies  is 
much  smaller  than  at 10 atm, there being no  discernible  
difference in energy resolut ion between the pure  x e n o n  

gas and  the xenon  gas with an  impur i ty  level of 16 ppm. 
As the es t imated reduced fields at the wall of the 

counter ,  over the range of gas gains shown, are be tween 
0.09 and  0.11 V / c m  Tor t  at 10 atm, and  between 0.14 
and  0.17 V / c m  Torr  at  5 atm, the results indicate  that  
pure  xenon gas is very susceptible to con tamina t ion  
with impuri t ies  such as oxygen at reduced fields of less 
than  0.13 V / c m  Torr  and  hence at  high pressure. 

The fact tha t  we ob ta in  the same energy resolut ion 
for three different  sources of pure  xenon gas, each of 
which is certified less than  1 p p m  of oxygen, coupled 
with the lack of dependence  of energy resolut ion on  gas 
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Fig. 2. The dependence of the energy resolution on the con- 
centration of oxygen in xenon gas for gains of 50 (•) and 600 
1:3). The hand-drawn smooth lines are only intended to guide 

the eye. 
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only intended to guide the eye. The energy resolutions at gas 

gains less than 60 are with noise subtracted. 

gain for the pure gas fill, and  the large changes  when  
small  quant i t ies  of oxygen are added,  all lead us to 
conclude that  the detector,  the gas fill system and  the 
gas itself are indeed free f rom con tamina t ion  to be t te r  
than  1 ppm. 

3.2. Gas gain 

Fig. 4 shows the gas gain as a funct ion of appl ied 
voltage for pure  xenon  gas and  xenon + 2% m e thane  at 
a range of gas pressures f rom 1 to 10 atm. The voltage is 
seen to increase much  more  slowly than  the pressure, 
be ing  roughly a factor of 3 for a 10-fold increase in 
pressure. Also, the slope of the voltage vs gain curves 
seems to decrease as the fill gas pressure increases. This 
is a consequence of the relat ionship be tween the Town-  
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Fig. 4. Gas gain as a function of anode voltage at each pressure 
between 1 and 10 atm for pure xenon and 2% methane gas 
mixture. The solid lines are best fit curves obtained with a least 

squares method. 

send ionizat ion coefficient, the gas pressure, and  the 
electric field. 

The Townsend  ionizat ion coefficient a can be repre- 
sented by  the semi-empirical  formula  

a = Ap exp[ - B / (  E / p  ) ] ,  

where E is the electric field, p is gas pressure and  the 
cons tan ts  A and  B depend  on  the gas filling. 

The gas gain of a cylindrical  propor t iona l  counter,  
which is the integral  of the Townsend  ionizat ion coeffi- 
cient  f rom the anode  surface to the cathode,  is given by 

G = e x p ( ( A / B ) V e x p [ - B p & / V ] ) ,  

where V =  ~ / l n ( r c / r a )  , V o is the applied voltage be- 
tween anode  and  cathode,  and  r a and  r c are the anode  
wire radius and  the ca thode  tube radius [4]. 

The  cons tants  A and  B can be derived from the gas 
gain vs voltage data  at each pressure and  these in turn 
can be used to generate  the corresponding Townsend 
ionizat ion coefficient as funct ion  of field. These data  
are shown in a fig. 5 a long with corresponding data  
f rom Kru i thof  [5]. The da ta  clearly show that  the ioniza- 
t ion coefficient is represented by  one curve for pressures 
between 1 and  10 atm, and that  the multiplication of 
electrons at higher  pressure is carried out  in regions of 
lower reduced electric field. 

Simply, to ionize a molecule of ionizat ion potent ia l  
V i in an electric field E an  electron would be required 
to travel a characteristic dis tance l >_ Vi /E.  The prob-  
abil i ty of an  electron travel ing the dis tance between l 
and  l + dl,  tha t  is the p robabi l i ty  of an ionizing colli- 
sion, is ( l / h )  e x p [ - ( I / A ) ]  d l  for a collision mean  free 
pa th  X [6]. As X = Xo/p,  to get the same gas gain at 
high pressure p ( p  expressed in arm), as at  1 atm, the 
characteris t ic  dis tance at  pressure p would be lp = (l o + 
X 0 In p ) / p ,  where 10 and  X 0 are the characterist ic  
dis tance and  the collision mean  free pa th  at 1 atm. So, 
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Fig. 5. Townsend ionization coefficient a / p  as a function of 
reduced field, calculated from the gas gain at each pressure. 
The dot-dash line is the measurement of Kruithof [5] (see text). 
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the field necessary for ionization then is given by E > 
P Vi/(10 + X 0 In p )  and hence the voltage increases much 
more slowly than pressure. Further, for a given absolute 
change in applied voltage, the reduced field A ( E / p )  at 
high pressure increases more slowly than at low pres- 
sure and hence the increase of gas gain is more gentle. 
Also, using this notation, the Townsend ionization coef- 
ficient is described as ( P / ~ o ) e x p [ - ( V i / ~ o ) / ( E / P ) ] ,  
so A and B correspond to 1 / ~  0 and Vi/~0, respectively 
and hence B / A  = V i. 

Fig. 6 shows the Townsend ionization coefficient c~ 
in pure xenon at a gas gain of 100 for each gas pressure 
between 1 and 10 atm. This suggests that at higher 
pressure the avalanche begins closer to the anode, be- 
cause the gas gain is the integral of a over the distance 
to the anode. The region of the avalanche is estimated 
to be 35 ~m at 1 atm and 20 ~tm at 10 atm, as derived 
from the constants A and B. Krui thof  measured the 
Townsend ionization coefficient for xenon gas by mea- 
suring the current between two parallel electrodes at 
low pressure ( < 200 Torr). Our result is slightly greater 
as shown in fig. 5. In fig. 7 the values B / A ,  which 
should be the ionization potential of the xenon atom, 
V~ = 12.1 V, are plotted at each pressure. The Kruithof 
data were scaled according to pressure. The Kruithof 
data show a gradual increase in the value B / A  with 
decreasing reduced field, but  our results are approxi- 
mately constant. Why these two experimental tech- 
niques differ is still not  well understood. 

Whilst the methane quenched gas fills operated sta- 
bly at gas gains up to 104 , regardless of pressure, the 
same was not true for pure xenon which would break 
down below this point  for fills above 1 atm. The onset 
of breakdown in pure xenon occurred at progressively 
lower gas gains, as the pressure was increased, as is 
evident from fig. 4. Usually, breakdown is caused by the 
liberation of electrons from the cathode walls under the 
impact of positive ions a n d / o r  photons from the xenon 
gas. If the breakdown were due to the positive ions, the 
gas gain at which the breakdown begins would be 
similar for each pressure. We must conclude therefore 
that the breakdown is mainly due to photons generated 
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from the excitation of the xenon gas in the avalanche 
and that this excitation increases with pressure• Fig. 8 
shows the dependence of the inverse gas gain, at which 
breakdown occurs, on pressures between 3 and 10 atm. 
This suggests that the excitation of the xenon gas in- 
creases exponentially with pressure in the cylindrical 
proport ional  counter. With the addition of methane 
quench gas the mixture is stabilized, possibly due to 
collisional deexcitation of the xenon atoms by methane 
molecules• Direct photoabsorpt ion is unlikely as the 
absorption band of methane is not  well matched to the 
xenon emission spectrum [7]. 

3.3. Energy resolution 

In figs. 9 and 10 the energy resolutions at 22 and 60 
keV, respectively, are shown as a function of gas gain 
for each pressure of the xenon + 2% methane mixtures. 
At  a gain of about 100, the energy resolutions were 7.7% 
and 9.8% for 22 keV, and 5.1% and 7.3% for 60 keV at 1 
and 10 atm, respectively• These data indicate that at 
each pressure the dependence of the energy resolution 
on the gas gain is approximately the same, and that the 
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Fig. 11. The dependence of the energy resolution on pressure 
for pure xenon (~),  2% methane (zx) and 5% methane ([]) gas 
mixtures. The gas gains are 250 and 100 for 22 and 60 keV, 

respectively. 

energy resolution degrades with increasing pressure. 
Also, the energy resolutions begin to deteriorate very 
rapidly above gains of 800 and 300 for 22 and 60 keV 

X-rays, respectively. This indicates that, when the total 
charge after multiplication is over 8.5 × 105 electrons, 

the energy resolution degrades regardless of the initial 
amount  of the primary charge, presumably due to space 
charge effects. 

Fig. 11 shows the energy resolutions as a function of 
pressure for pure xenon, xenon + 2% methane and 
xenon + 5% methane gas mixtures at gas gains around 
250 and 100 for 22 and 60 keV X-rays, respectively. The 
rate of increase of the energy resolution for pressures 
from 1 to 10 atm was quite similar for the pure xenon 
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Fig. 10. Measured energy resolution of 2% methane quenching 
as a function of gas gain at 60 keV for each pressure between 1 
and 10 atm. The hand-drawn smooth lines are only intended to 
guide the eye. The energy resolutions at gas gains less than 30 

are with noise subtracted. 

and xenon + 2% methane,  but for the 5% methane gas 
mixture the energy resolution at 10 atm was signifi- 

cantly worse. 
One possible source of fluctuations in energy resolu- 

tion would be contaminat ion of the gas resulting in a 
loss of primary charge on the way to the avalanche 
region. As shown in section 3.1, pure xenon gas at high 
pressure is very much more  susceptible to small amounts  
of impurity, but we concluded that the impurity level 
was less than 1 ppm for the pure xenon gases used in 
the measurement.  Also, as shown in fig. 11, the slopes 
of the energy resolution of the pure xenon and the 
xenon + 2% methane mixture are a gradual linear func- 
tion of pressure. This change in resolution with pressure 
cannot  be due to impurities at the ppm level as we have 
already seen that 5 atm fill gas pressure the addit ion of 
16 ppm of oxygen had no discernible effect on the 
energy resolution. Further,  since the drift velocity of 
electrons in pure xenon gas is much smaller than for gas 
mixtures of methane  and xenon [8], the effect of gas 
contaminat ion for pure xenon gas should be much 
stronger than methane plus xenon, but the measured 
data indicate the opposi te  behaviour. For these reasons 
and from our own original check of the gas quality we 
can therefore rule out gas contaminat ion as the major 
cause of energy resolution dependence  on pressure. 

Fig. 12 shows the pulse height distr ibutions for 22 
keV X-rays i l luminated on two different points of an 
anode wire at pressures of 1, 5 and 10 atm of pure 
xenon fill gas. Point A, which represents typical wire 
uniformity, gives energy resolutions of 7.6% to 9.7% at 
pressures from 1 to 10 atm. Point B, on the other hand, 
is a port ion of wire with a high degree of nonuniformity 
and gives corresponding resolutions of 7.8% to 19.3%. 
The difference in the fluctuation between points A and 
B, is shown in fig. 13 at pressures of 3 to 10 arm, 
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Fig. 12. The pulse height distributions for 22 keV X-rays illuminated on two points, A and B, of an anode wire at pressures of 1, 5 
and 10 atm. 

indicating approximately a function of pressure with 
power of index 1. 

To understand how this relationship arises consider 
that, as the fill gas pressure is increased, the range of 
the primary photoelectron decreases and hence the ini- 
tial charge cloud becomes smaller. Also, diffusion of the 
resulting electron cloud affects its size in proport ion to 
1 / x / p ,  where p is the pressure. So, the average size of 

the electron cloud is (s  2 d- 2 D t p / p ,  where s is the size 
of the primary electron cloud, D the diffusion constant 
at 1 atm, and the t is the drift time. Hence the average 
size of the cloud is approximately an inverse function of 
pressure. 

From the published data on the range [9,10] and the 
diffusion coefficient [8,11] of electrons in xenon gas, the 
estimated sizes of the electron clouds for 22 keV X-rays 
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Fig. 13. The dependence of the difference in the energy resolu- 
tion between points A and B on pressures between 3 and 10 

atm. The solid line is a best fit to the data. 

are 1.5 mm and 170 ~m for typical 3.5 mm drift in pure 
xenon gas at pressures of 1 and 10 atm, respectively. If 
the electron cloud comes to the anode wire surface from 
a point say 3.5 mm (a typical distance) from the anode 
along the electric field lines, then the sizes when pro- 
jected to the anode wire surface will be about 5 and 0.6 
~m at 1 and 10 atm, without considering broadening of 
the electron cloud in the avalanche. 

So, obviously, the dependence of the energy resolu- 
tion on the uniformity of the anode wire surface would 
be much more sensitive at higher pressure. The effect 
would also be more significant for methane gas mix- 
tures at higher pressure than for pure xenon gas, be- 
cause of the smaller diffusion coefficient in quenched 
mixtures. Thus it may be possible to explain the dif- 
ference of the energy resolution at high pressure be- 
tween the pure xenon and the 2% methane gas mixture. 
It is difficult, however, to explain the difference of the 
energy resolution at higher pressure between 2% and 5% 
methane gas mixture in the same way. 

The fluctuation in the pulse amplitude from a pro- 
portional counter is the sum of the primary fluctuations, 
which depend on the number  of charges generated by 
the incoming X-ray, and the fluctuations in the multipli- 
cation process. The energy resolution of the propor- 
tional counter is given by 1 / (F  + f ) W / E ,  where E is 
the energy of the X-ray, W is the mean ionization 
energy for the gas mixture, F is Fano factor, and f is 
the variance of gas multiplication for one electron [11]. 
F rom the theoretical considerations of Alkhazov [3], for 
multiplication due to ionization, f depends on the 
quanti ty X = ctVi/E, which is the ratio of the character- 
istic distance V i l E  to the mean free path of the ioniza- 
tion l / a ,  and hence the pressure because of the pres- 
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sure dependence of the Townsend ionization coefficient 
as shown in section 3.2. The deviation of the probabili ty 
distribution of the number of electrons in the avalanche 
is smaller when the ratio is greater. Fig. 14 is the 
variation, with fill gas pressure, of this ratio calculated 
at the point from the anode at which the multiplication 
has a value of 2, and for a final gas gain of 100. This 
position represents the first step in the avalanche chain, 
and is derived using the Townsend ionization coeffi- 
cient obtained from the gas gain curves. Fig. 14 shows 
that the ratio is smaller at higher pressure. 

Although the energy of an electron in the avalanche 
region goes into both ionization and excitation of the 
gas atom, at strong reduced field the ionization will be 
dominant,  while at weak field, on the contrary, the 
excitation will be comparable to the ionization. Also, 
the variance in the avalanche size will be controlled by 
fluctuations at the very beginning of the multiplication 
region. In the cylindrical proportional  counter, the 
estimated reduced fields at which an electron is initially 
multiplied to two electrons, are 73 V / c m  Torr  at 1 atm 
and 34 V / c m  Torr at 10 arm for a gain of 100 in pure 
fill gas. So, at high pressure, comparatively more energy 
will be spent on excitation than ionization and hence 
the value of ratio X will decrease. 

It is interesting to compare the dependence of energy 
resolution on pressure of methane and xenon with ones 
derived from methane and argon [12]. The pressure 
dependence found by these workers is very similar to 
our results, but the mechanisms discussed, in particular 
a photon emission-absorpt ion channel for producing 
the initial charge cloud, necessitate a large dependence 
of the mean ionization energy on pressure, and an 
energy transfer mechanism which is energetically impos- 
sible in xenon + methane. (Note that the W values of 
argon are constant at pressures of 0.2 and 2 atm [13,14].) 

As noted earlier, as the fill gas pressure is raised, an 
increasing amount  of energy in the avalanche goes into 
excitation compared with ionization. For  pure xenon 
the channel Xe* + Xe ~ Xe~ + e is possible [15] con- 
verting some of this excitation into ionization, but  for 
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Fig. 14. The ratio of the characteristic d~tstance ~ / E  to the 
mean free path for the ionization at each pressure (see text). 

the methane quenched gas mixture the energy of the 
excited xenon would be transferred to the methane 
molecule by collision with no additional ionization re- 
sulting. Thus the avalanche fluctuations would be greater 
in the methane mixture than the pure xenon and hence 
the energy resolution would be inferior. The collision 
rate for the methane mixture will increase with the 
concentrat ion of methane molecules. So, the avalanche 
fluctuations and hence the energy resolution of the 
methane gas mixtures would be greater at large quench 
gas concentrations. 

4 .  C o n c l u s i o n  

We have presented results on the performance of a 
high pressure cylindrical proport ional  counter filled with 
pure xenon gas and xenon + methane gas mixtures up 
to 10 atm. 

By utilizing an ultraclean system we have avoided 
the contaminat ion effects which usually plague high 
pressure xenon work. This has permitted an investiga- 
tion into changes with pressure on a more fundamental  
level. 

Through an analysis of the Townsend first ionization 
coefficient, it was shown that proportional  counters at 
high pressures operate at a weaker reduced field. This 
results in an increase in excitation relative to ionization 
and this in turn results in greater avalanche fluctuations 
and inferior energy resolution. The key here is the ratio 
of the characteristic distance (V~/E)  to the ionization 
mean free path ( l / a ) .  As this ratio increases, more 
energy is channeled into ionization than excitation, and 
the avalanche fluctuations decrease. 

It was also shown that for some mixtures wire non- 
uniformity becomes a problem as the fill gas pressure is 
increased. Overall, though, the energy resolution for 
pure xenon and xenon + 2% methane fill gases in- 
creased by approximately 2% when the fill gas pressure 
was increased from 1 to 10 arm. 

It is interesting to compare the behaviour of the 
cylindrical proport ional  counter at high pressure with 
the parallel grid proport ional  counter at low pressure, as 
they both have similar reduced field. This work is 
currently in progress and will be followed by more 
detailed investigations of the parallel geometry with 
xenon plus methane and other quench gases such as 
isobutylene and trimethylamine. 
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